) is a kind of edible fruit and could be beneficial as inhibitor for skin ageing process. Majority of root plants have symbiotic associations with arbuscular mycorrhizal fungi (AMF); however, AMF in has never been reported. The objective of this study was to observe AMF colonies and to identify AMF spores in bisbul tree rhizospheres and in potcultured . Roots and soil samples from rhizospheres were collected from three locations in Bogor area. Roots were stained using trypan blue 0.05%. Soil samples were air dried, then parts of them were used for spore isolation and the rest were used for pot cultures. Spores were isolated by wet sieving and decanting method and then continued with centrifugation. The results showed that the structures of AMF colonies in roots were arbuscules, vesicles, coiled hyphae, and internal hyphae. Isolated AMF spores were identified as , .
introduced to Bogor Botanical Garden in 1881. The wood from trees can be used as material for the roof and handicraft. The fruit contains vitamint beneficial to make the skin smooth, maintain healthy eyes, and prevent constipation (Coronel 1992) .
Symbioses of AMF with fruit plants in Indonesia have been reported in salak ( ) (Retnaningsih 1998) ; persimmon ( ), mango ( ), papaya ( ), and soursop ( ) (Septyarini 1999) ; durian ( ) (Chairani 2002) ; rambutan ( ) (Muliawan 2002) ; mangosteen ( ) (Lucia 2005) ; banana ( ) and tomato ( ) (Duaja & Jasminarni 2008) ; and jambu-jambuan ( sp.) (Setiadi & Setiawan 2011) . However, there has been no report on AMF in tree yet. Therefore, the first step to examine the symbiosis of AMF in roots is to observe their AMF colonies and to identify AMF spores in rhizospheres as well as in pot cultures with as the host.
The samples of roots and soil were collected from three locations in Bogor, i.e. IPB Darmaga campus, Cibinong, and Ciampea. Three trees were selected from every location, and sampling was replicated two times for every tree. For each replication ± 500 g sample was taken from each position, which was 100 cm from the tree and at a depth of 15-20 cm. The samples were then mixed to make one composite sample. Root samples were immediately cleaned and immersed in 70% alcohol solution, while soil samples were air-dried for spore isolation and pot cultures. AMF colonies were observed using trypan blue stain (Phillips & Hayman 1970) with a modification in cell clearing with 10% KOH for 120 min. The structures of AMF colonies were observed in 20 randomly picked root cuts. The roots that showed the structures of arbuscules, vesicles, coiled hyphae, and internal hyphae indicated the occurrence of symbiosis between the roots and AMF. These mycorrhizal roots were examined to calculate the percentage of AM in roots using the following formula :
Pot cultures with as the host were prepared with planting media as follow: 50 g sterile zeolite, 100 g soil sample from rhizosphere, and then 50 g sterile zeolite as the cover layer. Three pot cultures were prepared from each rhizosphere soil sample of every tree, so there were 18 pots. Then, the plants 
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AMF Colonies in Roots
were maintained for three months in order to produce AMF spores. Each pot was watered daily with sterile water. Fertilizer containing 5% P was used; the amount of water for each plant was 100 mL. Fertilizing was done when the plants were two weeks old, and then repeated every week until they were three months old. After three months, the plants were left to dry for three weeks.
. AMF spores were isolated from 100 g rhizosphere soil sample for every tree, so the total amount of soil sample for every location was 300 g. Likewise for the pot cultures, 100 g was isolated from every pot culture so there was 300 g soil sample for each tree, or 900 g for each location. AMF spores were isolated employing wetsieving and decanting method and centrifugation (Walker 1982) . Collected spores were preserved by mounting them on slides in as media. Identification was conducted based on morphology, while the nomenclature followed Schü & Walker (2010) .
roots are pigmented, so it took up to 120 min to clear the cells using 10% KOH in order to observe the internal structures of arbuscular mycorrhizae clearly. The structures of the observed roots were found to be arbuscules, vesicles, coiled hyphae, and internal hyphae ( Fig. 1) which indicated that the roots had symbiotic associations with AMF. The average of colonization was 41% in roots collected from IPB Darmaga Campus, 49% from Cibinong, and 64% from Ciampea. The occurrence of the structures proved that roots had symbiotic association with AMF, and that AMF spores could be found in the soil of rhizospheres. Its close relative, (Septyarini 1999) , (Hawley and Dames 2004) , and (Delvian 2010) were also reported to have symbiotic association with AMF. The arbuscular mycorrhizae observed in roots were classified as arum-paris type.
Different number of spores were isolated from the soil of rhizospheres collected from three locations in Bogor ( When the soil from bisbul rhizospheres was used in pot cultures with as the host, the AMF species observed in rhizospheres were also found in their pot cultures. This study produced a high quantity of AMF spores, so it was possible to conduct the identification in order to confirm the identity of the AMF obtained directly from bisbul rhizospheres, and also to trap AMF propagules which spores could not be isolated directly from the soil of rhizospheres.
P. javanica bisbul
Gigaspora candida bisbul
Notes: BR: bisbul rhizospheres; PC: pot culture soil pH: Darmaga (5.8-6.0), Cibinong (5.8-6.0), and Ciampea (6.2-6.6) AMF spores collected per 300 g soil of BR, AMF spores collected from 300 g PC media, which was an average of 3 pot culture replications of each bisbul rhizosphere soil in 1 location. 
Spain & N.C. Shenck
The spores were globose to subglobose, yellow to brown in color, measured 90-132 × 93-150 μm. Spore wall was yellow to brown and without ornamentation. Total wall thickness was < 6-9 μm.
was successfully obtained from Darmaga (pH 5.7-5.9) and Ciampea (pH 6.2-6.6). Chairani (2002) reported that this species was found in durian in Bogor with pH 4.2-6.3 and Fahriny (2013) in rhizospheres at pH 5.9. It seemed that this species could survive in a wide range of acidic pH.
had similarities in color and form compared with those first described by Schenck . (1984) . The spore size in this study was bigger compared to that reported by Schenck . (1984) , (60- DRN 191, DRN 195, DRN 193, DRN 194, DRN 196 and DRN 199. 2.
Trappe The spores were globose to subglobose, yellow in color, and measured 90-115 × 93-112 μm. Spore surface had ornamentation of evenly spaced, linear elliptical crescent-like forms. Spore wall was hyaline to yellow. Total wall thickness was 6-9 μm.
was obtained in Darmaga soil at pH 5.7-5.9 and Ciampea (pH 6.2-6.6). This species had been reported by Chairani (2002) from durian rhizospheres in Bogor at pH 4.2-6.5 and Fahriny (2013) from rhizospheres at pH 6.7.
had the same color, form, and ornamentation as those described by Trappe (1977) . This spore size was smaller compared with that reported by Trappe (1977) , 100-240 × 100-220 μm; Widiastuti and Kramadibrata (1992) 100-200 × 100-200 μm; Septyarini (1999) 105.6-211.2 × 96-220.8 μm; as well as Haerida and Kramadibrata (2002) 108.9-144 × 108.9-144 μm; Kramadibrata (2009) Janos & Trappe. The spores were globose to subglobose, yellow to brown in color, measured 114-272 × 111-272 μm. Spore surface had ornamentation of smooth beads, dense, and uniform. Spore wall was yellow to brown. Total wall thickness was 9-12 μm.
was successfully obtained from Darmaga (pH 5.7-5.9). Chairani (2002) reported the presence of this species in durian in Bogor with pH range of 4.2-6.5 and it had the same form, color, and ornamentation as those described by Janos and Trappe (1982) . The spore size was relatively smaller compared to that reported by Janos and Trappe (1982) DRN 190, DRN 192, DRN 193 and DRN 199. 4.
(W.N. Becker & Gerd.) C. Walker & A. Schüßler The spores were globose to subglobose, yellow to brown in color, and measured 81-108 × 81-111 μm. Spore wall was yellow to brown. Total wall thickness was 3-9 μm.
(syn./formerly: ) was observed in Darmaga at pH range of 5.7-5.9. Chairani (2002) was successful in obtaining this species at pH range of 4.2-5.0. This species had the same color and form as those described by Becker dan Gerdemann (1977) . The spore size in this study was relatively the same or bigger compared to that reported by Becker dan Gerdemann (1977) DRN 184, DRN 187, DRN 190, DRN 192, DRN 193, DRN 194 and DRN 197. was found in all study area, at pH range of 5.7-6.6. These spores had the same color and form as those described by Walker (1982) . The spore size in this study was smaller than what was reported by Walker (1982) , which measured 110-190 μm (syn./formerly ). However, the spore size was relatively the same or bigger than Lucia (2005) DRN 100, DRN 101, DRN 103, DRN 104, DRN 106, DRN 107, DRN 108, DRN  109, DRN 110, DRN 113, DRN 114, DRN 115, DRN 116, DRN 122, DRN 123,  DRN 125, DRN 128, DRN 130, DRN 131, DRN 132, DRN 133, DRN 136, DRN  137, DRN 138, DRN 139, DRN 140, DRN 141, DRN 149, DRN 150, DRN 151,  DRN 152, DRN 153, DRN 155, DRN 157, DRN 159, DRN 161, DRN 162, DRN  165, DRN 166, DRN 168, DRN 169, DRN 172, DRN 174, DRN 175, DRN 174 ,  DRN 178, DRN 179, DRN 180, DRN 183, DRN 184, DRN 187, DRN 188, DRN 190, DRN 191, DRN 192, DRN 193, DRN 194, DRN 195, DRN 196, DRN 197, DRN 198, DRN 199 and DRN 200. 6.
Bhattacharjee, Murkeji, J.P.Tewari & Skoropad The spores were globose to subglobose, greenish white in color, and 90-225 × 90-228 μm in size. Spore wall was white. Total wall thickness 3-9 μm. Bulbous suspensor was white to yellow and 27-42 × 21-39 μm in size.
had the same color and form as those described by Bhattacharjee and Mukerji (1982) . The obtained spores were 90-225 × 90-228 μm in size, this is smaller compared to that described by Bhattacharjee and Mukerji (1982) , i.e. 200-300 μm. The suspensor was also smaller in size, compared to that reported by Bhattacharjee and Mukerji (1982) , i.e. 30-50 μm.
Specimens examined: DRN 150, DRN 155, DRN 170 and DRN 171.
7.
Spain, Sieverd. & N.C. Schenck The spores were globose to subglobose, brown to reddish brown in color, and 150-372 × 165-372 μm in size. Spore wall was brown. Total wall thickness 6-9 μm. Bulbous suspensor was yellow to brown and 27-36 × 21-39 μm in size. Only 2 spores of were found in Darmaga at soil These spores had the same color and form as those described Spain (1989) . The spore size was 150-372 × 165-372 μm, still in the same range as that described by Spain (1989), i.e. (143-)150-400 × 200-450(-501) × 288-595 μm, and Lucia (2005 Lucia ( ) 182-317 × (1989 sized (32-)40-60(72) × . Specimens examined: DRN 1, DRN 2, DRN 126, DRN 128, DRN 132, DRN 133, DRN 136, DRN 138, DRN 139, DRN 144, DRN 148, DRN 149, DRN 170, DRN 181and DRN 185. 8.
C. Walker & L.H. Rhodes The spores were globose to subglobose, hyaline to yellowish white in color, and 69-120 × 66-135 μm in size. Spore wall was hyaline to yellow. Total wall thickness was < 3-9 μm.
was found in Cibinong soil with pH range of 5.9-6.0. Fahriny (2013) reported that this species associated with at pH 6.9. had the same color and form as those described by Walker and Rhodes (1981) . In this study, the spore size was smaller compared to that reported by Walker and Rhodes (1981) which measured (85-) 95-168(-198) × (85-)95-168(-177) μm and Fahriny (2013) DRN 58, DRN 61, DRN 62, DRN 84, DRN 91, DRN 99, DRN 101, DRN  111, DRN 117, DRN 118, DRN 119, DRN 121, DRN 123, DRN 125, DRN 126,  DRN 127, DRN 128, DRN 129, DRN 135, DRN 136, DRN 137, DRN 141, DRN  143, DRN 144, DRN 145, DRN 146, DRN 148, DRN 150, DRN 152, DRN 153,  DRN 154, DRN 155, DRN 156, DRN 158, DRN 159, DRN 160, DRN 161, DRN  163, DRN 164, DRN 166, DRN 168, DRN 169, DRN 171, DRN 175, DRN 176 , DRN 177, DRN 179, DRN 190, DRN 192, DRN 193, DRN 196, DRN 197 and DRN 199. 9.
Sieverd The spores were globose to subglobose, yellow to brown in color, and 70-117 × 70-123 μm in size. Spore wall was yellow to brown. Total wall thickness was 6-9 μm.
was successfully obtained from Darmaga (pH 5.7-5.9) and Cibinong (pH 5.9-6.0). The specimens had the same color and form as those described by Sieverding (1987) . The size of these spores was bigger compared to that reported by Sieverding (1987) DRN 186, DRN 190, DRN 194 and DRN 196. 10. (T.H. Nicolson & Gerd.) C. Walker & F.E. Sanders The spore was globose to subglobose, greenish yellow to brown in color, and 135-234 × 141-210 μm in size. Spore wall was hyaline to yellow. Total wall thickness was 6-18 μm. Bulbous suspensor was hyaline to brown and 27-45 × 24-39 μm in size. The quantity of AMF spores was the lowest, only 1 spore was found from Cibinong at pH (5.9-6.0). It had the same color and form as those described by Koske and Walker (1986) . The spore size was same range as that described by Koske and Walker (1986) , which was 114-285(-511) × 110-412(-511) μm, but this spore was bigger than that reported by Kramadibrata . (2007) , which measured 86-134 × , Kramadibrata (2009) 150 × 150 um (globose) and 100-160 × 165-250 μm (oblong). The suspensor was 27-45 × 24-39 μm Specimens examined: DRN 16, DRN 83, DRN 84, DRN 85, DRN 119, DRN 126, DRN 133, DRN 134, DRN 138 , DRN 139, DRN 144, DRN 146, DRN 159, DRN 164, DRN 185 and DRN 192. Ten species of AMF spores were found in the rhizosphere of in Bogor, also eleven species of AMF were found in persimmon rhizosphere in Cibinong (Septyarini 1999) , but only 3 same species of AMF were recorded from both plants i.e. , and . The quantity and diversity of AMF species obtained from every location were different from each other. It could be influenced by different locations and soil types. IPB Darmaga campus and Cibinong soil belong to ultisol (dominated by clay), while in 86-134 μm in size, relatively smaller than what was reported by Koske and Walker (1986) , which measured 33-48 μm.
